Liver transplantation (LT) is an ideal treatment for hepatocellular carcinoma (HCC) because it not only resects HCCs but it also replaces the underlying damaged liver with normal tissue. However, the selection criteria are still a matter of debate. After the introduction of the Milan criteria, some expanded criteria focusing on tumor size and number have been proposed. In addition, new expanded criteria considering tumor biology have been proposed using tumor markers and 18 F-fluorodeoxyglucose positron emission tomography. This review summarizes the selection criteria in LT for HCC and introduces current issues focusing on the treatment for hepatitis C virus infection and the significance of sarcopenia in this field.
Selection Criteria in LT for HCC
In Western countries, with the advent of the Milan criteria [3] , deceased donor LT (DDLT) for HCC has achieved favorable survival rates, comparable to those for nonmalignant liver diseases. In contrast, the high incidence of HCC due to the high endemic rate of hepatitis B or C virus (HBV/HCV) and the critical shortage of deceased donor organs have led to the rapid development of living donor LT (LDLT) in Eastern countries including Japan, Korea, and China. In Japan, there is minimal chance for patients with HCC to undergo DDLT due to the extreme shortage of deceased donor livers. Therefore, the category of LT and the concept of selection criteria of LT for HCC are different between Western and Eastern countries.
After the introduction of the Milan criteria, some expanded criteria focusing on tumor size and number have been proposed, because the aforementioned criteria are considered too restrictive [4] [5] [6] . Moreover, imaging modalities have developed dramatically in the last two decades. The imaging modality used in the establishment of the Milan criteria was computed tomography (CT) during arterial portography (CTAP). Currently, small HCCs can be easily and accurately diagnosed by multidetector CT and gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (MRI) without using CTAP. Therefore, a larger number of tumors can be detected at present compared with the number in the Milan era. Yao et al. reported that, in 168 HCC patients who met the University of California San Francisco (UCSF) criteria (a single lesion ≤6.5 cm in diameter or 2-3 lesions ≤4.5 cm with a total diameter ≤8 cm on the basis of preoperative radiological data), the 5-year recurrence-free probability and recurrence-free survival rates were 90.9% and 80.7%, respectively [4] . Sugawara et al. reported that 72 HCC patients within their 5-5 rule (up to five nodules with a maximum diameter of 5 cm) achieved a 3-year recurrencefree survival rate of 94% after LDLT [5] . Mazzaferro et al. proposed more liberal criteria than the Milan criteria: the "up-to-7 criteria" (HCC with seven as the sum of the size of the largest tumor in cm and the number of tumors) [6] . They showed that patients with HCCs beyond the Milan criteria, but within the "up-to-7 criteria" in the absence of microvascular invasion (n=283), had a similar survival rate compared with patients within the Milan criteria irrespective of microvascular invasion (n=444).
In contrast to DDLT, the indications for LDLT for HCC are decided based on the balance between risks to the live donor and benefits to the recipient. As a result, many Asian transplantation centers also have adopted expanded criteria beyond the standard criteria of Milan or UCSF. In general, however, the more the morphological limits of the selection criteria expand, the more the recurrence rates after LT increase. On the basis of the idea that incorporating tumor biological markers and predicting microvascular invasion and poor differentiation can exclude patients with a high risk of recurrence before LT, some expanded criteria that include such markers have recently been proposed [7] [8] [9] . Toso et al. proposed new selection criteria by combining total tumor volume ≤115 cm 3 and α-fetoprotein (AFP) ≤400 ng/ml [7] . Zheng et al. also proposed expanded selection criteria, the Hangzhou criteria, incorporating the AFP level in cases with a total tumor diameter >8 cm [8] .
On the other hand, optimal selection criteria should be established based on target outcomes after implementation of the criteria. The Kyoto group set target outcomes as a 5-year survival rate ≥80% and a 5-year recurrence rate ≤10%. Based on these target outcomes, the Kyoto group also established new expanded selection criteria, the Kyoto criteria, by combining three independent significant risk factors for recurrence: tumor number and tumor size based on the findings of pretransplant imaging and tumor markers; tumor number ≤10, maximal diameter of each tumor ≤5 cm; and serum des-gamma-carboxy prothrombin (DCP) levels ≤400 mAU/ml [9] . DCP, also known as protein induced by vitamin K absence or antagonist II (PIVKA-II), is a well-known tumor marker of HCC whose expression is significantly correlated with poor prognosis [10, 11] . In a retrospective analysis, 78 patients who met the Kyoto criteria showed significantly lower 5-year recurrence rates (4.9%) than the 40 patients who exceeded them (60.5%, p<0.001) [12] . Similarly, 5-year survival rates in patients within the Kyoto criteria (86.7%) were significantly higher compared with patients exceeding the criteria (34.4%, p<0.001).
Recently, Kaido et al. prospectively validated the utility of the Kyoto criteria [13] . Intention-to-treat analysis of 62 patients who underwent LDLT after implementation of the Kyoto criteria showed that the 5-year overall survival rate and the recurrence rate were 82% and 7%, respectively. These results satisfy our target outcomes.
Regarding tumor biology, the incidence of microvascular invasion and poorly differentiated HCCs were compared between patients within and exceeding the Kyoto, Milan, and UCSF criteria, respectively [13] . The incidence of microvascular invasion was significantly lower in patients within the Kyoto criteria than in patients exceeding the Kyoto criteria (p<0.001). The incidence of poorly differentiated HCCs was also significantly lower in patients within the Kyoto criteria than in patients exceeding the Kyoto criteria (p=0.010). In contrast, the incidence of poorly differentiated HCCs did not differ significantly between patients within and exceeding the Milan or the UCSF criteria, while the incidence of microvascular invasion was significantly lower in patients within these criteria than in patients exceeding these criteria. These findings indicate that incorporating tumor markers into the selection criteria can successfully widen the indication without increasing the recurrence rate.
As an alternative method of predicting tumor biology, some investigators have reported the usefulness of 18 F-fluorodeoxyglucose positron emission tomography for selecting appropriate candidates for LT for HCC [14, 15] . Kornberg et al. showed that negative PET findings (odds ratio=21.6, p<0.001), AFP level <400 IU/mL (odds ratio=3.3, p=0.013), and total tumor diameter <10 cm (odds ratio=3.0, p=0.022) were identified as pretransplant prognostic variables for recurrence-free survival [14] . Moreover, a PET-positive status was revealed as the only independent clinical predictor of tumor-related patient dropout from the waiting list (hazard ratio=5.7, p=0.01). Lee et al. reported that the 1-and 2-year recurrence-free survival rates were 97% versus 57% and 97% versus 42% for PET-negative patients versus PET-positive patients, respectively [15] . In a multivariate analysis, PET-positivity and the presence of microvascular invasion were the only predictors of tumor recurrence. Lee et al. most recently reported that patients with HCC beyond the Milan criteria with a PET-negative status and a total tumor size <10 cm showed similar overall survival and disease-free survival compared with patients with HCC within the Milan criteria [16] .
Conversely, Dubay et al. reported the usefulness of pretransplant liver biopsy and proposed that LT for advanced-moderate to well-differentiated HCC can be performed safely with excellent 5-year overall and disease-free survival in the absence of HCC size and tumor number restrictions [17] . However, biopsy for patients with decompensated cirrhotic liver is not always possible due to the retention of ascites and the fact that a biopsy itself holds a risk of bleeding as well as tumor dissemination. Moreover, a biopsy cannot accurately diagnose the most advanced degree of differentiation due to the heterogeneity of HCC tumors. Therefore, noninvasive methods including tumor markers and PET are desirable for predicting tumor biology. In Japan, a working group is now developing new expanded selection criteria by incorporating tumor size, number, and tumor markers using a nationwide database.
Current Issues in LT for HCC

Antiviral Treatment after LT
HBV or HCV infection is the leading cause of HCC, especially in East Asia. Therefore, antiviral treatment for grafts is a crucial issue in prolonging graft survival. Regarding HBV infection, posttransplant administration of anti-hepatitis B surface immunoglobulin and reverse transcriptase inhibitors can nearly always prevent HBV reinfection of grafts. In contrast, almost all grafts develop recurrent HCV infection, and 15-30% of grafts develop liver cirrhosis. There are three types of treatment for HCV reinfection after LT: pretransplant therapy, preemptive therapy, and on-demand therapy.
Pretransplant therapy is a favorable option for well-compensated patients with HCC or mildly decompensated liver cirrhosis, since up to two-thirds of patients who become HCV ribonucleic acid-negative on treatment are suggested to be HCV infection-free after LT [18] . The rates of on-treatment sustained virological response (SVR) were 30% (range, 18-56%) in genotype 1 and 83% (range, 82-100%) in genotype 2/3 recipients, as found in an analysis of 275 patients who underwent pretransplant antiviral therapy with mostly mild to moderate liver decompensation, receiving either a LDLT or a DDLT [18, 19] .
Preemptive antiviral therapy that is started within weeks of the transplantation is limited by tolerability. Rates of SVR vary from 8-39% [18, 20] . Posttransplant antiviral therapy initiated upon histological evidence of recurrence is therefore the mainstay of treatment. The Kyoto group reported that a combination of pegylated interferon alpha-2b and ribavirin achieved a 50% SVR rate for recurrent hepatitis C genotype 1b [21] . However, these results are still unsatisfactory, since about half of the recipients with HCV reinfection develop liver cirrhosis, and, if uncontrolled, require re-LT.
Recently, management of hepatitis C has dramatically changed with the introduction of direct-acting antiviral agents (DAAs). Kumada et al. reported that 24-weeks of treatment with daclatasvir and asunaprevir could achieve a high rate of SVR in patients with HCV genotype 1b who were ineligible, intolerant, or had not responded to prior interferon-based therapy with a low incidence of severe adverse events [22] . Accordingly, anti-HCV therapy can now be safely administered to patients after LT without using interferon. Moreover, the drug-drug interaction between calcineurin inhibitors and the new DAAs is weaker compared with the first and second generation DAAs. Our group most recently reported the usefulness of interferon-free therapy with DAAs in patients with progressive severe cholestatic hepatitis C with acute cellular rejection and bacterial infection after LT [23] . Therefore, HCV recurrence after LT for HCC might not be a serious problem in the near future.
Expansion of Donor Pool
Needless to say, DDLT is preferable to LDLT in terms of donor safety, even in patients with HCC. However, the number of deceased donors is still limited and is in short supply globally. Most recently, Croome et al. reported that there was no difference in recurrencefree survival (p=0.29) or cumulative incidence of HCC recurrence (p=0.91) between patients who underwent LT with a donation made after brain death (n=340) or a donation made after cardiac death (n=57) [24] . In circumstances where the number of deceased donors is limited, besides using donation allografts after cardiac death, optimizing the use of marginal donor grafts through various innovations, including development of organ preservation methods, is necessary to increase the number of available allografts.
Significance of Sarcopenia
Sarcopenia is defined as a syndrome characterized by progressive and generalized loss of skeletal muscle mass and strength [25] . The prognostic significance of sarcopenia has been reported in various kinds of diseases including cancer [26, 27] . In patients undergoing LDLT, we showed that the overall survival rate in patients with preoperative low skeletal muscle mass was significantly lower than in patients with normal/high skeletal muscle mass (p<0.001) ( fig. 1) [28] . Moreover, we recently focused on muscle quality evaluated by intramuscular adipose tissue content (IMAC) as a novel sarcopenic factor. The overall survival rate after LDLT was significantly lower in patients with high IMAC (= low muscle quality) than in patients with normal/low IMAC (= normal muscle quality) (p<0.001) [29] . In addition, in patients undergoing hepatectomy for HCC, the overall and recurrence-free survival rates were significantly lower in patients with high IMAC values than in patients with normal IMAC values (p<0.001, p=0.001, respectively; fig. 2a, b) [30] . On multivariate analysis, preoperative low quality of skeletal muscle evaluated by IMAC was an independent risk factor for poor survival in patients undergoing LDLT and in patients undergoing hepatectomy for HCC [29, 30] . The mechanisms by which low quality of skeletal muscle accompanies an increased risk of mortal- Color version available online
